Experiments were performed studying resin flow during the cure of fiber reinforced, organic matrix composites using a system in which the resin was simulated by viscous liquids and the fibers either by layers of thin rods or by layers of porous plates. The flow pattern was observed and the flow rate was measured for different applied pressures. The data were compared to the results of the Springer-Loos model and excellent agreement was found between the data and the model.
INTRODUCTION
arts made of fiber reinforced, organic matrix composites are fabricated by Parranging the uncured fiber-resin mixture into the desired shape and then applying heat and pressure to the material for predetermined lengths of time. The elevated (cure) temperature applied during the cure provides the heat required for initiating and maintaining the chemical reactions inside the resin. The applied pressure provides the force needed to squeeze excess resin out of the material and to consolidate individual plies.
Since the cure temperature and cure pressure have a marked effect on the quality of the finished product they must be selected carefully for each application. Consequently, considerable efforts have been made in the past to determine the appropriate temperatures and pressures which must be applied during cure. As a result of previous studies, the influence of the applied temperature on the curing process is understood reasonably well [1] [2] [3] [4] [5] [6] [7] . Relatively little is known, however, of the effects of the applied pressure on the resin flow. Only recently has a model been presented for describing the resin flow during cure [6, 7] . The Fig. 1 . A porous material (referred to as &dquo;bleeder&dquo;) is placed on one or on both sides of the composite (Figure 2 ). Restraints are mounted around the composite to prevent lateral motion and to minimize resin flow through the edges. 
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The cure process involves the application of heat and pressure. The applied heat increases the temperature in the composite, resulting in changes in the molecular structure of the resin and, correspondingly, in resin viscosity. When the resin viscosity has become sufficiently low, a pressure is applied to the system squeezing resin from the composite into the bleeder. This study is concerned with the latter aspect of the cure process, namely with the relationship between the applied pressure and the resin flow. Specifically, the investigation had three major objectives: 1) to observe and examine the mechanism by which resin flows through the composite, 2) to measure the flow rate, and 3) to compare the data obtained with the results of the Springer-Loos model [6, 7] .
Resin may flow in the directions normal (z direction, Fig. 2 ) and parallel (x direction) to the plane of the composite. In practice, the flow in the x direction is often negligible because the width and length are large compared to the thickness, and because of the restraints placed around the composite. Some resin may flow through the edges but, in general, the region affected by this lateral flow is small and is confined to the vicinity of the edges. Therefore, only those problems are considered here where the resin flow is restricted to the z direction.
EXPERIMENTAL APPARATUS
During the cure of a composite the viscosity (and hence the resin flow) changes with time due to changes in temperature. In order to eliminate the effects of temperature and to observe the flow pattern, tests were performed with a system simulating composites. The schematic of the apparatus is shown in Fig. 3 . 
FLOW PATTERN
The flow pattern was observed in the apparatus illustrated in Fig. 3 . As described in the previous section, a force (pressure) was applied to the viscous liquid which contained layers of either thin rods or porous plates. Upon application of the force the first (top) layer (n=1, Fig. 4 ) moved toward the second (n = 2), while liquid was squeezed out from the space between the two layers. This liquid seeped through the rods (or through the holes in the porous plate) of the first layer. When the rods (or plates) in the first layer reached the rods (or plates) in the second layer, the two layers moved together toward the third layer, squeezing resin out of the space between the second and third layers. This sequence was repeated for the subsequent layers. Thus the interaction of the layers proceeded in a wavelike manner (Fig. 4 ). The wavelike motion described above was observed clearly both with rods and with porous plates in the liquid. A series of photographs illustrating the motion is given in Fig. 5 . Initially, the porous plates were separated by an equal distance (Fig. 5a) (Figs. 5b-5d ). The sequence described above would also occur during the cure of a fiber reinforced composite. The fibers in each ply in the composite will move in unison toward the adjacent ply in the same manner as the layers of rods or porous plates moved in the present tests (Figs. 4,5) . Some compacting of the fibers may occur but, in general, this effect will be small.
The foregoing observation shows that during the curing process the resin content in the composite does not vary with position continuously. Instead, the resin is distributed in a nearly discrete manner, with the resin content hav-ing either a minimum or a maximum value. The resin content is a minimum in those plies across which resin flow takes place. The resin content is maximum (having the same value as in the uncured composite) in those plies across which there is no resin flow. As a consequence, near the center of the composite the plies will be resin rich, unless the appropriate pressure is applied for an appropriate length of time.
The observations described above also imply that there is a pressure drop only across those layers through which resin flow takes place. The pressure is constant (and is equal to the applied pressure Po) across all the other layers. This was confirmed by pressure measurements made on the bottom of the liquid containing layers of either rods or plates. As expected the pressure on the bottom was always the same as the applied pressure. This result is illustrated by the typical set of data given in Fig. 6 . 
FLOW RATE
A model of the resin flow through composites was presented by Springer and Loos [6, 7] by taking into account the effects of both the applied temperature and pressure. This model is based on the observation that both the composite and the bleeder resemble porous media. In the case of the bleeder this resemblance is evident. There is also a strong resemblance between the cross section of the composite and a porous medium, as illustrated in Fig. 1 (Fig. 7) . The parameter n is the number of layers through which resin flow takes place. By integrating eq. (1) 
